Introduction

45
Microbial contamination has been recognised as the main source for spoilage of food.
46
Common methods used today to preserve foods include fermentation, freezing, drying, 47 modified atmosphere packaging (MAP), vacuum packaging, the addition of preservatives and 48 the use of antimicrobial agents such as salts, organic acids and plant extracts (Quintavalla & 49 Vicini, 2002).
50
When controlling food spoilage using antimicrobial agents, such substances are typically 51 introduced to the food by direct contact. While this approach results in immediate reduction 52 of bacteria, cells which have been sub-lethally damaged will recover and those which were 53 not impacted upon at all will continue to grow. However, if the same antimicrobial 54 substances could be incorporated into packaging materials to create antimicrobially-active Gelatin has a unique sequence of amino acids, coupled with a high content of proline, glycine 68 and hydroxyproline, thereby assisting in polymer production.
69
Irrespective of their make-up or composition, antimicrobial films are designed to allow 70 migration or contact of the incorporated antimicrobial agent to the surface of the food in a 71 number of ways, thereby, delivering a continuous antimicrobial effect during exposure.
72
Compounds such as essential oils, organic acids and enzymes have been assessed for 73 antimicrobial activity in food packaging (Malhotra et al, 2015) .
74
While the introduction of active substances such as essential oils and plant extracts can However, antimicrobials are sensitive to film process conditions. Packaging materials such as 85 casted Polypropylene (CPP) and Polyethylene terephthalate (PET) can be treated by 86 antimicrobial agents will occur (Jari et al, 2003) . present, were measured. This assay was repeated for twice and three-times the MIC obtained.
195
The microbial sensitivity to the different antimicrobial solutions was classified as: not 
Colour
215
A Chromameter CR-300 (Minolta Camera Co., Osaka, Japan) was used in order to determine 
Transmittance and transparency
225
Barrier to ultraviolet (UV) and visible light of films was carried out using a UV-2501PC UV- The absorbance values at 600, were recorded using the software UV Probe v2.31.
228
Transparency of the films was calculated using the following equation ( Where A600 and X are the absorbance at 600 nm and the film thickness (mm), respectively.
231
Results based on a mean of ten replicates. bacteria by more than 2.5 log CFU/g in inoculated vacuum packed minced beef.
285
Organic acids have long been recognised for their ability to extend the shelf-life of food, they 
295
The variation in MIC's observed in this study can be attributed to the different concentrations 296 and compositions of the antimicrobials tested.
298
MIC of heat treated antimicrobials
299
The application of various heat treatments on the antimicrobial compounds assessed had a 300 considerable effect on the originally determined MIC levels for these compounds (Fig.2) .
301
While the MIC of AFV, AX and SO against bacterial strains was significantly affected (P 
339
The results of our study showed significant differences (P <0.05) in total colour differences 340 between all antimicrobial films, compared to the control ( 
Agar diffusion and film forming solution
359
All antimicrobial compounds showed inhibition against Gram-positive, Gram-negative and a 360 mixed bacterial microflora derived from beef samples ( The FTIR spectra results show changes in the structure of gelatin films which contained 418 antimicrobials (Fig.3) . The distinctive methyl and methylene stretches are evident at 2940, 419 2925, 2831 and 2850 cm -1 in the FTIR spectra for SO (Sigman et al, 2003) .
420
The main absorption bands at characteristic peak frequency values corresponds to amide A, 
425
The amide I bands located between 1700 and 1600 cm -1 are a result of C=O extension. These 
428
In numerous studies, it is stated that Amide I absorption band are due almost entirely because control films ~ 1545 cm -1 (Fig.4) . A small increase was also noted for AR films ~ 1546 cm 
439
The above statement can also be confirmed for the results shown for the amide III band, a 
Mechanical properties
456
The mechanical properties of untreated active antimicrobial films are shown in Figure 5 .
457
Differences in TS and EB may be attributed to addition and presence of antimicrobials 458 interacting with the gelatin, thereby forming new linkages which affected the film structure. Control, an increase in TS and a decrease in EB can be observed for AR (Fig. 5) existing hydrogen bonds between polymer chains (Xiao et al, 2012 ) and as shown in Table 5 .
493
SO showed the greatest EB value (36.109 ± 3.34 %) compared to other films, suggesting that 494 films containing SO had been plasticized.
495
Films containing AR showed the lowest EB (6.373 ± 1.47 %) of all films. As highlighted 
Water vapour permeability (WVTR)
504
The results for all experimental gelatin films employed in this study are shown in Figure 6 . In atmosphere. Consequently, the WVTR should be as low as possible (Gontard et al, 1992) .
509
The decrease in WVTR although not significant in films containing organic acids such as
510
AFV and AR may be attributed to a reduction in mobility of the polymeric chains, due to 511 cross-linking reactions thus making diffusion of water across the film matrices more difficult.
512
In addition to cross-linking, a decrease in WVTR may have been contributed to decreasing 513 pore size due to the addition of antimicrobials, thereby increasing the solid content also 514 evident in the mechanical properties observed for AX and previously described. The addition The OTR properties for all gelatin films studied are shown in Figure 7 . octanoate were examined for their effectiveness, both before and after heat treatments, against bacterial strains and beef microflora.
 Sodium octanote was the most effective against all bacterial strains according to 96-well plate method.
 These antimicrobials were then successively incorporated into beef-derived gelatine films and tested for structural, mechanical and barrier properties.
 It was shown that active antimicrobial agents could potentially serve as commercial antimicrobial coatings for application onto conventional plastic-based food packaging.
*Highlights (for review)
